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Cultural perceptions of the environment bring us back to elements and factors guided by
“natural” cause-effect principles. It seems that academic education has had little effect on the
manner and results of learning about changes in the local landscape, especially as regards
rational explanations. There is considerable difficulty relating academic concepts about the
climate to transformations in the environmental landscape. Teaching tasks are mediatized
due to the use of rigorous and precise concepts which facilitate functional and satisfactory
learning. This is the objective of the research this article aims to undertake, for which we have
chosen the case of Ontinyent (Spain). This research will include two parts: the first aims to
identify problems in geographical education of the climate, and the second applies to didactic
suggestions for improvement. Methodologically, this study involves qualitative, non-experi-
mental, research-oriented toward change, which purports to understand the educational
reality. Our sample included a total of 431 students. Moreover, a semi-structured interview,
conducted with teachers in schools and universities in Ontinyent, was organized. Fourteen
teachers were interviewed, including two who participated as research professors in the
action-research method. The study revealed that students’ conceptual and stereotypical
errors, in the different educational stages, vary according to the type (climate, weather,
climate change, landscape) and stage (Primary, Secondary, University). They are persistent
and continuous, given that they are repeated and appear anchored in the ideas and knowl-
edge development of students regarding the problems and the study of the climate
throughout their education.
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“The spring, the summer,
The childing autumn, angry winter, change
Their wonted liveries, and the mazed world,
By their increase, now knows not which is which:
And this same progeny of evils comes
From our debate, from our dissension”
(W. Shakespeare, A Midsummer Night’s Dream, cited in
Kitcher and Fox, 2019)
Introduction
Traditionally, school-taught geography has focused onstudying the relationships between physical and culturalfactors in the organization of the environment (Capel,
1981, 1984; Graves, 1985). Climate change and the environmental
impact are two representative examples that have had an impact
on how the research group Socials1 has planned educational
activities.
In this vein, the sixth Global Environment Outlook report
(GEO 6) declared that climate change is a matter of priority that
affects both human (including human health) and natural sys-
tems (the air, biological diversity, freshwater, the oceans, and the
earth) and alters the complex interactions between these systems
(UNEP, 2019, p. 10).
Furthermore, the 2030 Agenda for Sustainable Development
expresses, through Sustainable Development Goal 13 (SDG 13),
the need to “take urgent action to combat climate change and its
impacts” (United Nations, 2015, p. 16). All of this leads us to
reflect on the way in which we learn about and understand the
concept of climate and its impact on the landscape, and vice
versa, in order to take measures, as a critical and active citizen,
which could reverse the current emergency situation facing the
planet’s climate.
Within the group Socials (University of Valencia, Spain), we
are developing a line of didactic research related to socio-
environmental education to analyze the obstacles which hinder
learning about the climate and landscape in an academic setting.
This includes the following: (1) The lack of an interdisciplinary
approach to understand the impact on socio-ecological systems
from a glocal perspective; (2) The disconnection between scho-
larly academic knowledge related to the climate/landscape and
the reality experienced by students, which allow for geographic
conceptualization and an understanding of the world from
school-taught geography (Cavalcanti, 2017); (3) The absence of
analysis of the influence of social representations (Moscovici,
1961) on the perception of the environment (Reigota, 2001)
related to the interaction between climate and landscape; (4) The
need to boost active participation (Hart, 1993) in order to
implement strategies and measures related to climate change
mitigation and adaptation; and (5) The accuracy of using active
territoriality (Dematteis and Governa, 2005) to create emotional
links with the territory we must manage (Morales, Santana and
Sánchez, 2017), due to its particular impact on climate and
landscape factors.
All of this leads us to re-evaluate the importance of analyzing
cultural perceptions of the environment to determine the factors
which have an impact on environmental transformation, starting
from the paradigm Education for Eco-Social Transformation. The
aim is to encourage the inclusion thereof in the academic curri-
culum (González, 2018). This is a line of study we have already
tackled through the analysis of the trialectics of spatiality, where
we reconsidered the Piaget taxonomy of lived, objective, and
conceived spaces (Hannoun, 1977). We aimed to further our
understanding of space through lived emotions, the cultural
perceptions which create spatial stereotypes, and the conceived
space, a result of the actions taken by political and economic
leaders in the country (Souto, 2016, 2018a). This conceptual
modification helped us understand the environment as a process
of intellectual construction, like a reflection of a physical reality
conceived with emotions and social filters. In other words, this is
coherent with what we consider in our research proposal.
Our approach to the problem
Local geographical studies are methodologically similar to what
are known as case studies in educational research. To this effect, it
is worthwhile recalling that a local case is specific, but it is not
unique or unrepeatable. That is to say, there are aspects particular
to the social and territorial context, but the explanatory factors
refer us to theories that have been developed around other
comparative analyses. In this vein, the work we are presenting
here, as a case study of climate and landscape education in
Ontinyent (Spain), answers three basic questions which outline
the problem.
Firstly, what is the role of the academic system in explaining
everyday issues? If climate change and the perception of changes
in the landscape are of social concern, we must specify whether
the academic system should codify aspects of these expectations
in a conceptual corpus. This can be done through a series of
educational activities and by seeking answers to events that may
be communicated with explanations in a public sphere. This will
be the main objective of this study.
Secondly, we wonder what specific disciplinary knowledge can
contribute? In the case of geography, due to its interdisciplinary
links, it will be useful to determine its impact on academic
knowledge and, consequently, the construction of a public opi-
nion regarding everyday issues. How can an understanding of
geography affect the development of a critical theory which
questions the practical meaning of everyday life?
Finally, a significant contribution to this study: what conclu-
sions can we draw from the social representations of spontaneous
knowledge in developing social arguments? We want to know to
what extent representations of daily practicality present an
obstacle to developing independent knowledge and thus render
conceptual disciplinary knowledge useful for arguing in public
opinion debates influencing common sense and determining our
everyday practicality. We wanted to exemplify this with ideas
provided by students and teachers from schools in the region.
When looking at the relationships between stages, from global
phenomena to local measures with eco-geographical dynamics
and where anthropogenic activities are included as explanatory
factors, school and university students’ ideas about the climate
and the lived and conceived landscape do not tend to be included
in a subjective way. This fact contradicts the definition itself of the
landscape set out in the European Landscape Convention, by not
taking into account the territorial perception of the population
(Council of Europe, 2000).
The central idea of our line of research points to using stu-
dents’ personal and social perceptions as a starting point to
develop basic knowledge about the climate and landscape. We
question spontaneous concepts to explain the landscape in terms
of the climate and create a certain environment (microclimate,
evapotranspiration, sunlight…).
In this vein, students taking the Research in Social Science
Didactics: Geography postgraduate programs (University of
Valencia) have produced several master’s and Doctoral Theses
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which deal with the existing relationship between social repre-
sentations and environmental education2. Some of this research is
related to the EcoRiba3 project, with the aim of understanding the
importance of linking this didactic research to integral education
about the local environment, in order to promote more sustain-
able and supportive interactions both in a local and global setting
(Morales and García, 2016; Morales, 2017; Morales, 2018). It is a
way of integrating academic studies into social and civic renown,
an academic construction of an educational public space for the
local community.
The research context
Studies about “marginalised students”4 as examples of the realities
of academic failure, but also of second chances, present argu-
ments about what happens in the teaching and thus the didactics
of geography. Analyzing this set of school students provides
evidence linking failure with teachers’ and students’ personal
narratives to understand what is concealed (Campo, Ciscar, and
Souto, 2014; García Rubio and Souto, 2020). As such, it was
possible to carry out an assessment, using social representations,
of academic knowledge which facilitates improvement options at
different educational stages, including the experiences of mar-
ginalized students (Campo, 2014). These representations also
challenge academic traditions and routines, presenting obstacles
and causing difficulties teaching and learning geography (Canet
et al., 2018; Campo et al., 2019). These studies represent the
instruction and methodological arguments that are part of the
rational and personal reasons for taking on this research: learning
difficulties at school, social representations in educational
research of geography didactics, and the question of innovation as
a requirement for educational improvement.
We have pinpointed these principles for a research topic.
Learning about the climate and landscape is fundamental for
students to understand environmental changes and problems
and, moreover, is part of geography didactics both in basic edu-
cation (Tonda and Sebastiá, 2003; Jaén and Barbudo, 2010; García
de la Vega, 2014; Martínez and López, 2016; Olcina, 2017;
Martínez and Olcina, 2019), and in the work of students training
to become teachers (Valbuena and Valverde, 2006; Boon, 2014;
Souto, 2018a; Morote et al., 2019) who highlight the dilemmas
and perceptions of geography or climate change (González and
Maldonado, 2014; Chang and Pascua, 2016). In our case, we are
mainly concerned with observing what is happening in class-
rooms. Students make explanations about climate problems
which are full of mistakes and stereotypes produced by the tri-
vialization of some scientific concepts shared by the mass media
(Olcina and Martín, 1999; Martín-Vide, 2009). In order to ana-
lyze students’ education about the climate and landscape, we
must identify teaching practices (Souto, 2013, 2018a) and reveal
what students know. In both cases, we are guided by various
studies focused on conceptions, ideas, and representations (Gil,
1994; García Pérez, 2002, 2004; Kindelan, 2013; Bajo, 2016;
Santana, 2019; García-Monteagudo, 2019) which, stemming from
research and interest in the psychology of learning, aim to
understand student mistakes and make constructive suggestions
based on models focused on student learning. This starts with
their existing knowledge, moving on to what students have been
taught, and finally observing the impact of the media on their
education. In this way, theoretical tenets of social representations
will allow us to interpret what is happening, based on referential
systems and enabling categories that classify contexts, phenom-
ena, or individuals (Jodelet, 1991). We use these educational
research theories with the pertinent epistemological awareness
(Castorina and Barreiro, 2012) which proves the representations
observed in school geography (Souto and García, 2016) among
the population as regards climate change (Heras, 2015; Alatorre-
Frenk et al., 2016) and the landscape (Santana et al., 2014) or
among students and teachers in the practice thereof (Domingos,
2000).
This objective corresponds with a line of research5 linked to
doctoral research6, which outlines its idiographic, explanatory,
and applied nature (Bisquerra, 2009). First, it is idiographic due to
the approach for understanding and interpreting the unique
nature of school geography lessons on the climate and landscape
as curricular content. Secondly, it is explanatory because it claims
to clarify what is happening in teaching-learning processes.
Finally, it is applied in nature because it aims to transform the
conditions of didactic activities and introduce improvements in
the teaching-learning process of geography using real-life
experiences from schools in Ontinyent (Spain). This research
will include two parts: the first aims to identify problems in
geographical education of the climate, and the second applies to
didactic suggestions for improvement.
In this article, we will develop the first part—assessing the topic
we outlined above. Our hypothesis indicates that geography les-
sons about the climate, school traditions, and the mass media lead
to knowledge shaped by stereotypes and conceptual mistakes
which are exposed in children’s education and remain present in
higher education.
Methodology
This study involves qualitative, non-experimental, research-
oriented toward change, which purports to understand the edu-
cational reality. As such, an open and mixed design is most
suitable, which adapts to the knowledge observed during the
study. This justifies the analytical study we propose for this
research. We selected the case study (Stake, 1999, Álvarez and San
Fabián, 2012) as a way of analyzing how students in Ontinyent
(Valencia) learn about the region’s climate and landscape. Given
the study’s characteristics and the objective of making the
quantity of information manageable and systematizing the ana-
lysis (Goetz and Lecompte, 1988; Miles and Huberman, 1994;
Rodríguez et al., 1996; Rodríguez et al., 2005) we have used a
combination of quantitative techniques, which make statistical
analysis possible (Gil, 2003), and qualitative techniques, which
facilitate content analysis, for the data analysis. This combination
of techniques is used in case studies to further explore explana-
tions for the phenomena analyzed, with the aim of making the
quantity of information manageable (Bisquerra, 2009).
It is worthwhile outlining the sample in context for assessment
purposes. The sampling technique used is non-probabilistic for
convenience and accessibility (Bisquerra, 2009; Otzen and
Manterola, 2017). We chose the municipality of Ontinyent due to
adjustment reasons and opportunity criteria. On the one hand,
the population of Ontinyent assures a sample size that is repre-
sentative of a concrete population: the innovation program7
provided access to school and university settings in this muni-
cipality which has a population of 35,5348 (2016) and boasts
educational centers across the different educational stages: Kin-
dergarten, Primary, Secondary, and University. In other words,
we can carry out a transversal study of children’s education about
the climate throughout the different educational stages, with
different chronological ages, at the same time and encompassing
the entire school and university education of one person. On the
other hand, Ontinyent, as shown in Fig. 1 is a municipality in the
Community of Valencia (Spain) with specific climatic conditions
due to its location 47 kilometers from the Mediterranean Sea. It
has a typical Mediterranean climate or, according to the Koppen
classification, a semi-arid cold climate with mild winters and hot
summers (Guerra, 2018).
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During the 2015–16 academic year, between May and
December 2016, we gathered data from different school class-
rooms in Ontinyent, including 5 Kindergartens9 and Primary
Schools (4 public schools and 2 private schools with state-funded
financial support), 3 Compulsory and Baccalaureate Secondary
Schools10 (1 public school and 2 private schools with state-funded
financial support) and the headquarters of the University of
Valencia in Ontinyent (2 classes of the Teaching Diploma). In
total, 202 first-year primary school pupils, 204 fifth-year primary
school pupils, 135 second-year secondary school students, and 92
university students taking the Teaching Diploma participated.
As such, our sample included a total of 633 students, covering a
range of the academic population, from both school and uni-
versity, in Ontinyent which has a total of 6185 students11. If we
take the demographic numerical data in Table 1 12 as a reference,
it represents a Confidence Interval (CI) of 0.52% which indicates
that the academic population in Ontinyent is representative of the
academic population in the Community of Valencia. This
represents a level of reliability equaling 95% of the academic
population, typical of Social Sciences statistical studies (Campo
and Martínez, 2017). But this does not mean that the study
sample is in turn representative of the population in the Com-
munity of Valencia.
In order to define the context of academic knowledge, quali-
tative tools were developed. These tools are unique to research in
Social Science Didactics and include a semi-structured interview
and questionnaire (Banchs, 2000). These tools have been vali-
dated by experts in the fields of knowledge associated with this
research (Physical Geography, Regional Geographical Analysis,
Social Science Didactics and Didactics, and School Organisation)
from four universities, three of which are in Spain (Seville, Ali-
cante, and Valencia) and one in Chile (La Serena).13
Furthermore, this research draws on previous studies14, using
the action-research method which puts the participating students
and teachers at the heart of the study (Stenhouse, 1990; Elliot,
2000), reflecting on their own practice (Teppa, 2012). This dis-
tinctly includes the model of a research professor in the research
(Stenhouse, 1975; Sancho and Hernández, 2004). In order to
improve the curriculum, teachers and other professionals are in
the best conditions to carry out this type of research.
The questionnaire is a versatile technique that facilitates the
collection of information regarding the objectives of the research.
In January and February 2016, teachers and students were asked
to participate in the study, obtaining a commitment of wilfulness
for this investigation. This is done through specific questions
which gather specific quantifiable information for the study
Fig. 1 Ontinyent location map. Ontinyent is located within Valencian Community (Spain). Self-elaborated map based on Google Earth data.
Table 1 Study population sample relation.
Demographic references Total population 0–24 years School population Confidence Interval (CI)
City Ontinyent 35.534 9.344 6.185 0,52%
Region Valencian C. 4.980.689 1.236.989 976.929
Stage Student by stage Course Students by course Participating students Confidence Interval (CI)
Infant school 996 6 years 363 202 4%
Primary education 2627 5th–10 years 465 204
Secondary and Bachelor 2224 2nd–14 years 473 135
School population 5847 All 1321 541
University population 338 4th Grade 92 92
Total Population 6185 1413 633 3,90%
The relation between the municipal population (Ontinyent) and the region (Valencian Community) within the ages of 0–24 years representative of the school and university stages of the study.
The relation between the school and the university population of Ontinyent with the population participating in the study by educational stages.
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(Cohen and Manion, 1990), thus allowing for direct comparison
between groups. In our case, this is a comparison between the
variable of educational stages or the co-variation of students’
ideas in the different educational stages when learning about the
climate. Its design focuses on the evaluative considerations of a
questionnaire about geography didactics (Alfageme et al., 2010)
and follows the process itself for the creation of questionnaires:
following the research objectives, creating a first draft of the
questionnaire for assessment and validation by experts, carrying
out a pilot test and delivering the final version of the ques-
tionnaire (Del Rincón et al., 1995). For the proposed analysis, we
used three of the sections which make up the questionnaire: the
first section, item 1, covers information sources for students about
climate change; the second section, items 2 to 6, looks at the
difference between the climate and the weather; the third section,
items 7 to 10, tackles the causes of climate change. The ques-
tionnaire was created based on content that appears in the text-
books used by participants, containing the same questions/items
in order to maintain homogeneity among the 431 participating
students, representing Primary Education (10–12 years old; 105
girls and 99 boys), Secondary Education (13–15 years old; 63 girls
and 72 boys) and University (82 women and 8 men with 21–23
years old). The design covers a mixed structure of closed and
open questions which appear in sections with the corresponding
items.
The semi-structured interview, conducted with teachers in
schools and universities in Ontinyent, is a substantial part of the
research. The teachers were selected according to accessibility and
interest in the research. This convenience-based option was
chosen due to the possibility of being able to interview them and
the relevance to the project framework on the study of the climate
and landscape15. Fourteen teachers were interviewed, including
two who participated as research professors in the action-research
method. The questions were chosen for the study related to their
ideas (Saraiva, 2007) before participating in the project and
covered teacher training, methodology and practice, and their
explanations of environmental problems—how they explain
environmental changes in Ontinyent to their students. Ultimately,
we wanted to find out what the teacher knows and what they do
to help their students learn about the climate.
Of the 14 teachers, 8 are women and 6 are men. Three of them
are over the age of 56, 2 are between 46 and 55 years old, 6
between 36 and 45, and 3 between 25 and 35 years old. They
teach in public (6), private (7), and privately managed public (1)
schools. They teach at different educational levels, 1 in Kinder-
garten, 2 in Primary, 9 in Secondary School, and 2 at Bacca-
laureate level. They teach different subjects: 2 teach Social
Sciences, 4 teach Biology, 2 teach Physics and Chemistry, 1 tea-
ches Mathematics, 1 teaches Language and Literature, 1 teaches
Social Integration, 1 teaches Administration and 1 teaches
Kindergarten.
Results and data analysis
The data gathered using the questionnaire and interviews are
shown, in a quantitative setting, through the already processed
conversion into percentages of the participants’ responses per
educational stage. The qualitative data has been categorized in
line with the desired objectives.
Students’ perception of climate and landscape. In the first
section of the questionnaire, related to the hypothesis and
objectives of the study, we wanted to know what the students’
favorite source of news on climate change was in order to analyze
the trends among students regarding the information they obtain
about climate change in the communication society, and the
impact on their academic knowledge (Souto, 2011). The items in
this section questioned the participants about where they get
information on climate change, establishing an order of pre-
ference. In order to understand what information, they get and
the extent to which they receive it from the sources mentioned,
we asked a multiple-choice question, the percentages of which
established a percentage median of the students’ priorities per
educational stage. The data were quantified using a statistical
median of the participants’ responses per stage, reflecting the
order of importance of the sources they selected in the first step.
We differentiated online social networks from the internet, due to
their renown and growth. Although the first requires the second,
we distinguished that the essential use and function of social
networks is communication between people who are active in
social relationships, while the internet is a source of information
with multiple uses and possibilities. Thereafter, we will detail the
number of students who chose each source as their top source
and the percentage of the sample. As such, as shown in Fig. 2, of
the 423 students we can see how sources evolve from the family
environment (37.7%) in Primary School to the Internet (39.3% in
Secondary School and 79.8% at University). We also observe that
social networks are used more in Secondary School than at any
other educational stage.
When analyzing the data, we started with the premise that
traditional information sources for learning over the last century
such as school, family, friends (social relations), and the media
(the press, television) have been expanded by this society of
information, communication and technology and the globaliza-
tion of information and news, because we are now in a network
society (Castells, 2006). Surveys by official bodies about the
information society in Spain and in Europe (Eurostat, 2016) show
that in 2016 95.2% of students in Spain used the internet, 58.8%
used it every day, and 25.7% almost every day for between one
and three hours. Among those over the age of 15, around 90%
used the internet for e-mail and social networks. The data
obtained allowed us to qualify these figures, which are reduced
into percentages about more generic sectors. In this way, we
established four large categories of information sources that have
an impact on knowledge: school, family, the media (Internet,
television, and the press), and social relations (friends and
networks).
The trend shift towards the media as an information source for
students was confirmed. This preference, especially from
secondary school onwards, corresponds with the exponential
trend for the use of the media by society. However, this suggests a
problem and a risk for learning about the climate as it is subject to
errors and stereotypes. The liquid modernity we live in comprises
the transience, use, and access to a large quantity of data. From
Fig. 2 Student preferred sources of news to stay updated on climate
change. The bars represent the percentage. The bars represent the
percentage in each educational stage.
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the perspective of cognitive psychology and as proven, people find
it difficult to retain more than seven units of information. When
building our knowledge, quality is more important than quantity.
This liquid society produces a series of habits that make it difficult
to learn geography (Sebastiá and Tonda, 2017). The need for
information to learn collides with the sheer quantity of data
available which spreads on technological motorways and plat-
forms, motorways of information in the informational technolo-
gical revolution. The so-called technological revolution hangs
over new informative engineering like a cloud and is of great
concern for data verification and codes of best practice (Gold-
enberg and Bengtsson, 2016; Wardle et al., 2018). Fake news is
generated to create states of opinion about climate change
(Maslin, 2019) and we have observed how these factors have a
harmful impact on students’ geographical literacy (Campo, 2019).
In other words, data shows us that students do not look at social
media from a critical perspective.
In addition to understanding the attitudes to climate and
environmental knowledge, we wanted to find out what knowledge
students had in relation to two main aspects of climate education:
the difference between the climate and the weather, and
understanding the causes of climate change. We dedicated a part
of the questionnaire to these issues.
For the first aspect, we analyzed students’ understanding of the
differences between the climate and the weather, identifying
whether they knew how to distinguish them. To do this, we
provided different statements which they had to match up with
climate or weather. This gave us some clues as to their cognitive
level (Anderson and Krathwohl, 2001; Biggs and Tang, 2007;
Granados, 2017) and what the students had learned because the
act of matching up indicates subject knowledge and the
identification of relationships. The data was obtained through a
closed polytomous question in which they could choose which
statement referred to the climate, the environment, or unsure.
The statements were included in the following items of the
questionnaire: item 2, “Last year, the annual average temperature
in Ontinyent was 16.2°C” (climate); item 3, “In the summer, the
Clariano river is drier than in the winter” (climate); item 4, “The
Ontinyent landscape is the Mediterranean” (climate); item 5, “It’s
very hot today” (weather); item 6, “Yesterday, the historical center
of Ontinyent was flooded” (weather).
As shown in Fig. 3, the students in each educational stage who
correctly matched the concepts with the statements were
measured. In addition to the responses from students who
answered incorrectly, there were the students who indicated that
they did not know.
In general, throughout the three stages, more than 25% of
students matched the items up incorrectly, making mistakes with
all the suggested statements, except for university students who
answered item 3 correctly at a rate of 76.2%, item 4 at 92.9%, and
item 6 at 77.4%. The high proportion of students who answered
item 2 incorrectly stands out, with at least 53.3% answering
incorrectly. This percentage corresponds to the secondary school
pupils. The average annual temperature was not associated with
the climate and the time event “last year” confused them. Primary
pupils and university students were further off-the-mark for item
2 with 67.6% and 72.6% respectively, responding incorrectly. As
regards the weather, for item 5 at least 36.9% of the students
surveyed (this percentage corresponds to university students) did
not connect that the weather happens at a certain time while the
climate is a succession of weather conditions; for item 5, 53.9% of
primary school pupils and 46.7% of secondary school pupils were
also incorrect.
We have noted that mistakes about the concepts of climate and
weather carry through from primary school to university. If we
calculate the average of wrong answers to all items for students
from each educational stage, the degree of confusion per
participating stage is 55.5% for primary education (113 students
out of 204), 41.4% for secondary education (56 students out of
135) and 32.32% for university (27 students out of 84).
Ultimately, students from all educational stages make mistakes
or display a lack of knowledge about the climate and weather.
This is proven by the incorrect answers to questions about the
average temperature and climate (item 2), knowledge of the local
climate, characteristics of the climate and its implications for the
landscape (items 3 and 4), or identifying the fleeting nature of
weather as the climate (item 5) or indeed other phenomena, such
as a temporary flood (item 6).
Furthermore, using the questionnaire we wanted to find out if
students recognized some of the causes of climate change which
were presented in the questions, relating them to gas emissions or
the increase in the greenhouse effect. The items were dichot-
omous: the participants had to select whether the statements were
true or false. In line with the taxonomies established by the
educational stages, the questions asked aimed to distinguish
causes from events, truths from falsehoods, which is interesting
given the confusion that surrounds climate change. The
statements corresponded with the following items in the
questionnaire: item 7, “Thanks to the greenhouse effect, we can
live on Earth”; item 8, “Deforestation doesn’t have an impact on
climate change, it only has an impact on ground erosion”; item 9,
“One of the causes of climate change is the global warming of the
Earth”; item 10, “One of the causes that contribute to the process
of climate change is the excessive burning of fossil fuels”.
In Table 2, we note how items 8 and 9 maintain a line of
progression of wrong answers in correlation with the age of
students and their cognitive level per educational stage. For item
Fig. 3 Confusion regarding the usage of the terms “weather and climate”.
The colors of the bars represent the student’s answers per item. Right
answers are represented by “RIGHT”. Wrong answers are represented by
“WRONG”. Not answered questions are represented by “DON’T KNOW”.
We have combined the “WRONG” and “DON’T KNOW” answers to
represent the degree of confusion regarding each item at each
educational stage.
Table 2 Students’ misleading about climate change causes.
Causes Primary school Secondary
education
University Total
Item 7 47% 46,7% 56% 48%
Item 8 32,4% 31,9% 2,4% 25,75%
Item 9 18,6% 15,6% 3,6% 14,38%
Item 10 53,9% 33,3% 26,2% 41,06%
The percentages represent the number of survey respondents who have answered wrong. The
total refers to the total population (n= 431) that have answered wrong.
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8, 31.9% and 32.9%, and for item 9, 18.6% and 15.6% of primary
school and secondary school pupils responded incorrectly.
Although they are almost the same, for item 8 around 32% of
both groups had difficulties relating deforestation processes with
the climate, as indicated by IPCC reports16. The loss of wooded
areas produces a rise in carbon emissions, gases which increase
the greenhouse effect (IPCC, 2013) because they are not absorbed
by tree leaves and trunks. In parallel, deforestation leads to land
desertification (IPCC, 2019) which hinders the processes of
afforestation and reforestation. This chain explanation is an
example of seeing the world and its problems in a holistic way,
working on comprehensive thinking (Morin, 1990). This is more
difficult to integrate with various fields of knowledge for certain
levels and education.
As regards the answers to items 9 and 10, there is visible
controversy. For item 9, most students recognize the link between
global warming and climate change. But it is concerning that the
link is not as clear in the answers to item 10 to which 54% of
primary pupils, 33.3% of secondary pupils, and 26.2% of
university students answered incorrectly. This data supposes that
41.06% of the surveyed population (see Table 3), in other words,
177 of 431 students between the ages of 6 and 24, do not identify
the causal relationship between human activities and global
warming. They do not associate the increase in burning fossil
fuels with climate change (IPCC, 2014).
The item which reveals the most mistakes is item 7. Some of
the experts consulted when validating this item already indicated
that it is a complex question given the origin of the gases because
there are those of natural and human origin.
The analysis of the results shows us that there are different
levels of confusion among students across all the educational
stages to explain the relationships between physical factors (items
7 and 9), humans (items 8 and 10), and climate change. However,
there is further confusion regarding the effects of human
activities, which lead to deforestation and the burning of fossil
fuels, on the climate and its evolution.
Teachers’ opinion about climate and landscape explanation
The semi-structured interview allowed us to expand on certain
aspects. Once the questions on learning had been asked and the
students’ ideas about the climate and landscape gathered, we
wanted to define a more precise scale for analysis. In other words,
we wanted to see how learning happens in real life in school
classrooms. The questionnaire confirmed our hypothesis that
there some conceptual problems and corresponding mistakes.
The interview allowed us to dig deeper into these assumptions
through teachers’ disciplinary and practical training. The design
of a personal interview makes it easier to repeat questions to
teachers, related with concrete aspects that we had already found
proof of thanks to the students’ answers to the questionnaire.
For the study, four categories related to teachers’ ideas were
established, allowing us to elaborate coherent explanations for the
analysis of students’ education and the vulgar representations of
climate change theories. This followed patterns shown by dif-
ferent authors regarding problems in learning and teaching
geography, related to students and teachers (Horno, 1937; García
Pérez, 2011; Liceras, 2000; Martínez and Olcina, 2019).
1. Teacher training: the academic background of the teachers
interviewed is apparent in the basic statistical data we
gathered. We asked them when they complete their
continuous teacher training, how long it takes, at what time
of day, where, and what topics they study. Given the
inaccuracy of some responses, we asked them again to specify
when they studied, if it was in their free time, in the evening
after class, during summer courses, a Cefire course17 etc.
2. Student difficulties regarding the topic of the climate. We
tried to understand what the main difficulties are which
hinder the effectiveness of the explanations they bring to
the subject matter and the problems they encounter when
trying to explain topics to their students when teaching
about the climate, climate change, and the Ontinyent
landscape. To be more precise, we asked them again about
knowledge gaps and the procedures and didactic learning
difficulties they encounter when explaining these topics.
3. Teaching methodologies: classroom strategies. We wanted
to identify what teachers’ perceptions are regarding how to
explain the climate in order to understand their opinion as
a teacher on education about the climate and landscape, the
relationship between the climate and landscape in the
Clariano river landscape in the municipality of Ontinyent,
and by which means they explain the problem of climate
change to their students in the class. We aimed to
understand how they lay out the topic with the textbook
in addition to their own explanations using local data or
any other means.
4. which Concepts teachers value and believe necessary to their
explanations: climate, weather, climate change, minimum
average temperature, night-time irradiation, sunlight,
greenhouse effect, albedo effect, cold drop, and landscape.
The scale is designed for them to evaluate the concept in
line with their use or evaluation of it, with 0 being
Table 3 Methodological aspects that the teachers use to explain the climate.
Materials and resources n Methodology n Activities n
Textbook 10 Experiment environment 3 Brainstorming 2
Audiovisual 7 Investigation 3 Reading comprehension 2
Local data 6 Democratic formation 2 Works exhibition 2
Article/Texts 6 Previous ideas 2 Analyze data 2
Illustrations-drawings 5 Interactive methods 2 Debate 1
Web information 5 Cooperative Works 2 Tables and graphs 1







n= number of teachers using it.
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“nothing” (I don’t use it or deem it useful), 1 “little”, 2
“quite” and 4 “a lot”.
For this article, we will present a summary of the analysis for
each category in line with the questions asked and answered by
the teachers.
If we analyze the results of the interviews regarding teacher
training, most participants, 12 out of 14, revealed that they
completed their training outside working hours. Only two tea-
chers answered that certain times were set aside in their work
timetable for training purposes. In general, training takes place in
the evening or summer, at the cost of their free time. The Cefire
courses18 were the most common option for continuous training.
In the end, their training was reliant on the personal availabilities
of teachers who had to bear the responsibility of their training
outside school hours and its costs. This infringes the challenges
highlighted by different international geography partnerships and
the IGU’s19 declarations where they recommend geography
training as a necessity for primary and secondary school teachers
(De Miguel et al., 2016; De Miguel, 2017). However, it cannot be
denied that nowadays, with regard to work and school organi-
zation and structure, the school system and political decisions on
education result in scarce teacher training to the detriment of
teachers’ intentions. It is a pathway that presents too many
obstacles for them to be able to commit to potential interests
including didactics, innovation, and scientific knowledge about
climate change. Rather it relies on the individual will and sense of
responsibility of teachers, as reflected in this teacher’s answer20:
“Outside of school hours, through the completion of
courses such as Cefire, reading scientific articles published
in journals, watching documentaries, TV programs, etc.”
As regards students and the main learning difficulties when it
comes to the climate and landscape, teachers understand and
outline 25 problems in total which have been categorized into five
groups, and the problems which appear in Fig. 4 are broken down
into percentages according to the frequency with which they
appeared in teachers’ answers, which was in this order: Field of
Study (5 problems, 18 references), Student Characteristics (7
problems, 14 references), Didactic Materials (5 problems, 9
references), Teaching Staff (5 problems, 9 references) and School
Context (3 problems, 5 references).
The problems which are identified the most and repeated most
frequently are the need to experience the topic outside of the
classroom and the theoretical complexity of the content, the
spread of data to be used on the topic, the lack of basic education
among students, and inter-disciplinary coordination. The rest of
the factors highlighted by one or more teachers included the
conceptual ideas and errors already held by students, the lack of
continuity in the educational stages to tackle curricular topics or
the objectives of the school. The teachers’ answers justify the
importance of taking them into account when making changes
for innovation, the integration of subject matters, and working on
projects and problems relevant to the student. Geography is a
science explained through other sciences; these ideas, as well as
those previously mentioned, were expressed by the teachers
interviewed, as summarized by this teacher:
“On the one hand, the content is approached in an isolated
way in some subjects and, in my opinion, it should be
studied in “all” subject areas. There should be coordination
among teachers, as well as continuity between stages and
courses, providing a contextualised approach applied to
their surroundings. Consequently, their families, the
authorities and the rest of the community should
participate in their studies. If, furthermore, we don’t get
out of the “ordinary classroom” scenario in order to
observe, evaluate, analyze, apply knowledge, etc., the
student ends up viewing a real problem which affects them
directly as an abstract foreign concept, “something we talk
about but has nothing to do with me”.
Geography is a science that requires practice, so the main
problem mentioned is the need for contact with the environment.
It is relevant for the student to study the climate and landscape.
The theoretical complexity of the topic combines with the edu-
cation received by the pupil, the materials used, and the academic
context, but how do teachers tackle the subject to give answers
and explain the problems of school geography lessons with cli-
mate problems and the environmental consequences? (Santiago,
2008).
We will now look at how teachers organize and handle their
explanations to respond to these difficulties. The methodological
aspects outlined in Table 3 demonstrate the 27 aspects the
Fig. 4 Teacher’s perception of climate and landscape learning difficulties. The inner ring represents the relative frequency of each difficulty within its
group. The outer ring represents the absolute frequency of each difficulty within the whole array of difficulties.
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teachers associated with their teaching and the study of the cli-
mate. These factors belong to three main groups: materials and
resources (13), methodologies (7), and type of activities (7). Most
teachers use the textbook (10), documentaries and videos (7),
local articles and data (6), illustrations, and the internet (5) for
support, as a basis for the information to be studied in the
classroom. In addition, but to a lesser extent, they use informa-
tion about extreme weather events, climograph, or personal
experiences related to the climate. The second group relates to the
methods used. Environmental experimentation and research
appear as the main strategy for learning alongside democratic
training, the development of knowledge using previous ideas,
cooperative learning, and interactive methods. Finally, the third
group encompasses the activities undertaken in tandem with the
methodology: brainstorming, understanding of reading materials,
presenting projects, debates, and data analysis.
Some methodological aspects about resources, activities, and
strategies coincide with those regularly used for teaching and
learning about the climate (Romero, 2010; Martínez and López,
2016; Olcina, 2017), such as the textbook, the use of data and
graphs, maps and activities for the interpretation and analysis of
data. However, although there are aspects which could be inclu-
ded generically, there are no references to specific or innovative
aspects for the study of the climate such as thematic maps,
satellite images, the creation of monthly rain diagrams, con-
structing a laboratory, gathering data about the weather on a daily
basis (Cruz, 2010) or learning based on projects or inter-
disciplinary projects (Rekalde and García, 2015).
The contrast between the difficulties that teachers observe
among their students and the teaching they practice indicates
that, without specific continuous teacher training, teachers’
thoughts and intentions do not correspond with their practice to
a large extent. In other words, teachers are aware of the diffi-
culties, but they cannot utilize methods such as methodological
changes and specific resources for the design of activities related
to the improvement of climate study at school.
In the end, we are interested in finding out what value teachers
attribute to their explanations of independent and necessary
concepts to explain climate and climate change. Here we have to
highlight, as can be observed in Fig. 5, the result obtained
regarding the frequency of use for its evaluation. Teachers use,
with a frequency of over 50%, the concepts of climate change,
landscape, the greenhouse effect, climate, and weather compared
with, at less than 50%, the minimum average temperature, cold
drops, and sunlight. Night-time irradiation and the albedo effect
were practically mentioned by one teacher.
The results show that teachers identify some concepts as more
important to explain climate change in class. Thanks to the
analysis carried out with the questionnaire, we were able to
demonstrate the confusion experienced by students about the
climate and weather, the mistaken identification of the average
temperature as a piece of data that explains the climate, or the
confusion about the causes of climate change. Teachers attribute
relative value to minimum average temperatures, night-time
irradiation, the albedo effect of sunlight. Science, on the other
hand, explains and draws links between climate change and the
increase in night-time temperatures to explain global warming,
one of the causes of climate change, as expressed in a report and
evaluations by the Intergovernmental Panel on Climate Change
(Houghton; Callander and Varney, 1992):
“Average warming over parts of the Northern Hemisphere
mid-latitude continents has been found to be largely
characterized by increases in minimum (night-time) rather
than maximum (daytime) temperatures.” (p. 7)
“A notable feature over considerable areas of the con-
tinental land masses of the Northern Hemisphere is that
warming over the last few decades is primarily due to an
increase in night-time rather than daytime temperatures.”
(p. 21).
The school geography curriculum in Spain prescribes the
complexity of curricular content, in line with the cognitive level of
the pupil, to be studied during primary and secondary education.
Studying with a progression of knowledge is important. During
primary education, the curriculum is based on the physical
environment, studying the air, then the atmosphere, atmospheric
phenomena, weather elements, measurements and recording, the
difference between weather and climate, the characteristics of
different climates, and explanations for climate change (Martínez
and López, 2016). During secondary education, they expand on
causal and complex thinking, physical and human geography,
Fig. 5 Average use of climate change-related concepts. The graph bars show how teachers make use of these concepts. The frequency of use of these
concepts, represented by colors, shows the percentage of use of each notion by teachers on a scale from 0 (never) to 3 (very frequently).
HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-021-00761-6 ARTICLE
HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |            (2021) 8:90 | https://doi.org/10.1057/s41599-021-00761-6 9
and ecology from an analytical and later scalar perspective
(Romero, 2010). Here lies the problem in properly understanding
knowledge development processes on the topic of the climate.
The teachers we interviewed mentioned this when they identified
students’ learning difficulties, identifying their lack of basic
training, their idealization of concepts, or the discontinuity in the
curricular development of the topic. However, this contrasts with
how the teachers evaluated basic concepts used to explain the
climate, which is more or less the same as those found in the
textbooks, related to the curriculum, rather than those necessary
for a comprehensive causal explanation, such as that of climate
change. As such, sunlight is only valued by one of the teachers
interviewed and used very little. In Ontinyent itself, data over the
last 30 years reveals the progressive increase in annual tempera-
tures (Souto, 2018b), which is not caused so much by sunlight—
the same percentage of sunlight hours at certain times of the day
is maintained—but rather by night-time irradiation. This concept
was only mentioned by two teachers who use it very little.
As we can see, teachers mainly follow the topics in the curri-
culum as embodied in the textbooks, with the exception of the
local reference to the Clariano river. They agree on the impor-
tance of this element of the landscape and understanding the
significance of its dynamic relationship with the climate. The
teachers observe the difficulty students have when studying the
climate without leaving the classroom and speak of the need for
more commensurate strategies. However, they maintain school
traditions and routines, the use of the textbook, and standard
curricular content.
Conclusions
The conclusions of the statistical study we carried out confirm the
representativeness of the sample, while the analysis of responses
verifies the substantiality of the surveyed population in tracking
certain stereotypes in the “practical sense” (Domingos and Diniz,
2019) and the mechanic reproduction of climate and landscape
concepts.
The results endorse the use of “practical sense” ideas21 when it
comes to everyday explanations regarding the climate, climate
change, and its relationship with the landscape. We expected to
explain the traditional method of learning about the climate,
conditioned by students’ social representations. In this way, we
concluded that the mistaken stereotypes and perceptions of a part
of the academic population in primary, secondary, and bacca-
laureate, as well as higher education, are related with the
assumption of “common sense”, derived from an everyday
practical sense, to which authority is granted when “the facts” are
reflected in social communication media.
The study revealed that students’ conceptual and stereotypical
errors in the different educational stages vary according to the
type (climate, weather, climate change, landscape) and stage
(primary, secondary, university). They are persistent and con-
tinuous, given that they are repeated and appear anchored in the
ideas and knowledge development of students regarding the
problems and the study of the climate throughout their
education.
We highlight the continuity regarding the manner of reasoning,
although representations of abstract thinking are distinguished
among secondary school and university students. In these stages,
representations of concrete thinking, characteristic of lower cog-
nitive levels and stages, are considered in the school curriculum for
the teaching of the climate (Martínez and Olcina, 2019).
In the mind maps drawn by students about the climate and
learning about the climate, we ascertained that the media and
education are the most important factors in the development of
knowledge among students. As regards the first, the influence of
the internet and digital social communication media grows every
day on students as a source of information, whilst other tradi-
tional sources of learning and knowledge such as school and
family fall behind. As regards teaching, we highlight the role of
the teacher in classes: how they teach, the obstacles of the school
system, methodology, and the selection of conceptual aspects,
procedures, and attitudes which predispose a certain education of
the climate, its materialization on the landscape and the evidence
of climate change.
Ultimately, the representativeness of the study helps us deci-
pher one of the initial conjectures of this research: “stereotypes
and conceptual errors about the climate and landscape are repe-
ated in different statistical demographic cohorts”. This means that
the educational system reinforces the ideas derived from common
sense and those who transform these stereotypes into alternative
arguments as a result of academic education (basic and uni-
versity) are scarce.
In terms of the students and given the considerable degree of
confusion between the weather and climate or about the causes of
climate change in the educational stages, we showed how social
representations have had an impact on children, teenagers, and
young adults developing their knowledge about the climate and
landscape, influenced more by the presence of vulgar theories on
the topic than by the understanding and application of school
concepts.
As regards the teachers, we showed how teachers’ intentions
for methodological change collide with difficulties in specific
continuous professional development. The obstacles to develop-
ing different methodologies, resources, and innovative activities
are not overcome by teacher training in order to provide com-
prehensive explanations about climate change to their students.
The increase of the influence of the media on students’ education
about climate change facilitates students’ development of
knowledge about the climate and environmental changes filled
with errors and stereotypes. Some situations cannot be compared
or analyzed in a classroom environment, either due to a lack of
time dedicated to these topics or due to the obstacles inferred by
teaching practice, such as the absence of specific training.
Failing to contest these spontaneous conceptions and academic
traditions and routines leads to academic concepts being over-
shadowed by an incomplete explanation of the climate, resulting
in a partial explanation based on vulgar and superficial ideas.
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Notes
1 The Social(S) group is recognized by the University of Valencia as a research group,
including teachers from the non-university educational system as collaborators. For
more details on the educational background of the group, you can check http://
socialsuv.org/educacionsocioambiental/.
2 Accordingly, we can highlight the doctoral theses by Diana Santana, “School
participation and environmental governance: an educational dialectic” and Diego
García, “The social representation of the rural environment: an analysis of school
geography”, both presented in 2019, alongside more than ten Master’s theses
developed between 2011 and 2019 which tackle the line of research related with
Socio-environmental Education.
3 EcoRiba is a program local to Riba-roja de Túria in Valencia, Spain, which aims to
showcase the landscape in order to invigorate the territory. It was presented to society
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in February 2016 and underpins all the objectives of this sustainable strategy for
socio-environmental education.
4 This is what we call students who have obstacles and hindrances to achieving the
objectives and basic skills set out in the school curriculum for a certain age. The book
“La invisibilidad de las periferias escolares” [The invisibility of marginalised students]
by J. García and X. Souto (2020) contains a compilation of a research project, thesis,
and innovative educational proposals for use in classrooms by teachers who carry out
this work with their students.
5 Group subsidiary dedicated to research and innovation in the education of history
and geography at the University of Valencia, Socials group which refers to the
understanding of social and environmental problems when teaching and learning
about the climate and landscape. https://www.uv.es/uvweb/servicio-investigacion/es/
grupos-investigacion/grupo-1285949714098.html?p2=GIUV2015-217.
6 The work we referred to pertained to research carried out within the Research in
Specific Didactics Doctoral Programme at the University of Valencia, in the line of
research of Geography Didactics. Namely, the doctoral thesis entitled “Knowledge of
the climate and landscape: from analysis to a teaching proposal”.
7 The Educational Innovation Project, “teacher training entrenched in the environment
from the perspective of school practice” by the Generalitat Valencia with the code
UV-SFPIE-GER18-85040, was developed during the three academic years from 2016
to 2019 by teachers in Ontinyent and the Department of Experimental and Social
Science Didactics at the University of Valencia. This facilitated relationship-building
with teachers, schools, and local bodies which was a guarantee for the sample and
data collection.
8 Data about the Ontinyent population from the year 2016 extracted from the 2019
municipal sheets which can be found on the Generalitat Valencia’s Statistics Portal:
http://www.pegv.gva.es/auto/scpd/web/FITXES/Fichas/46184.pdf.
9 Representations held by Kindergarten pupils were studied, but the explanation
thereof is not reflected in the article, because it was a specific study of drawings.
10 Hereafter, we will use the term Secondary Education to refer to Compulsory
Secondary Education.
11 For this article, pictorial representations were not analyzed.
12 Census data from the Valencian Statistics Institute (IVE).
13 The procedure to validate the questionnaire consisted of sending a first model of 84
questions so that the five experts could evaluate it. With the comments and
assessment of each item, we have selected the most relevant questions to be able to
analyze the students’ learning results; an exchange of views that have been archived,
but not published. 10 questions have been selected from these results in this article.
14 See note 8, an Educational Innovation Project created with the objective of both
students and teachers improving the teaching and learning about the climate and
local landscape.
15 See note 4 of this article.
16 IPCC is the acronym for the Intergovernmental Panel on Climate Change, made up
of an international group of experts and part of the UN, which generates periodical
reports with studies and recommendations about climate change.
17 In the Community of Valencia, the Cefire is responsible for providing state-run
courses for the continued professional development of teachers.
18 See previous note.
19 IGU is the acronym for the International Geographical Union.
20 Response received to the question regarding when and on what topic they take
classes, given by a biology teacher from a public school which provides compulsory
secondary education.
21 We follow the theories of Moisés Domingos regarding Pierre Bourdieu and Sergi
Moscovici’s ideas.
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